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1 

Novel chromosome fragment and Its use as a vector 

The present invention relates to the field of molecular 
genetics and in particular to artificial chromosomes, to 
5 their preparation in particular using telomere-directed 

chromosome fragmentation techniques and to their use as 
DNA vectors, for instance for application in gene 
therapy and animal transgenesis . 

10 Following work with yeast artificial chromosomes (YACs) , 

there is currently widespread interest in the prospect of 
building artificial chromosome vectors from other hosts 
such as mammals and plants, for gene therapy and animal 
transgenesis. In order to achieve useful mammalian 

•15 artificial chromosomes (MACs) , it is necessary to 

generate chromosomal DNA molecules which preferably 
retain their linear integrity and which replicate and 
segregate accurately during cell cycle- It is not 
presently understood how large a mammalian chromosome has 

20 to be in order to achieve this, nor what DNA sequences 

are necessary to retain full centromere function, 
although the sequence requirements for mammalian telomere 
function are understood in outline (Barnett et al., 
1993) . 

25 

In particular it is not generally understood how 
centromeric DNA interacts with proteins to bring about 
accurate chromosome segregation nor why, when much of the 
cell cycle is conserved (Nurse, 1990; Murray and Hunt, 
30 1993) it varies so widely during evolution. 

For instance, satellite DNA, composed of tandemly 
repeating sequences, is found at or close to the 
centromeres of many multicellular eukaryotes but has 
35 often been dismissed as being without functional 

significance because it is polymorphic and evolves 
rapidly. However human alphoid satellite DNA 
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(Manuelidis, 1978) has been directly implicated in 
centromere function fay two types of observation. Alphoid 
DNA has been introduced into either monkey (Haaf et al. f 
1992) or hamster chromosomes (Heart lein and Latt, 1988) 
5 and appeared to cause the chromosomes to behave as though 

they were dicentric: they lagged at anaphase and were 
structurally unstable. The interpretation of these 
experiments has been controversial as the sequence 
organization of the integrated alphoid DNA was not 

10 described in detail, few independent integration events 

were analyzed and other non-centromeric sequences (Cooper 
and Tyler-Smith, 1992) have been reported to show similar 
properties (Hadlaczky et al., 1991). A second approach 
to identifying human centromeric DNA has been to map 

.15 centromeric sequences using re-arranged natural 

chromosomes; in this way Tyler-Smith and colleagues 
(1993) mapped the centromeric DNA of the human Y 
chromosome to a region which included the alphoid DNA and 
300kb. of short arm flanking sequence. The observation 

20 that centromere function could be suppressed in a 

"dicentric" Y chromosome by partial deletion of alphoid 
DNA (Tyler-Smith et al., 1993) implicated alphoid DNA 
directly, although its functional significance remained 
undefined. 

25 

Insertional mutagenesis using existing vector systems 
poses problems, particularly where megabase sized 
fragments of DNA are to be introduced in a defined 
sequence environment into the genomes of humans and 
30 animals. 

Use of a vector based upon a stable autonomously 
replicating chromosome fragment would resolve many of 
these problems. However it would be expected that 
35 fragments of a size which would ensure mitotic stability 

would too large to be isolated and manipulated in a 
manner required for a use in current recombinant DNA in- 
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vitro technology as a basis for a vector. 

The present invention provides a vector comprising a 
chromosome fragment wliich fragment comprises sequences 
which have centromeric activity, is capable of 
replication and segregation during cell cycle, and is of 
such a size that it can be resolved using gel 
electrophoresis . 

The present invention also provides a method for 
obtaining a chromosome fragment for use as a vector as 
described above which method comprises dissecting a 
chromosome in such a manner that a fragment retaining 
centromere function is retained . 

Methods used in the dissection will vary depending upon 
the particular chromosome used and the state of knowledge 
regarding the structure of that chromosome and the 
location of the centromere region. It may be possible to 
specifically design dissection techniques which target 
sites one either side of the centromere region assuming 
the location and nature of this region is specifically 
understood. However a particularly useful technique 
would be the application of telomere directed truncation 
methods for example as described by Suroslcy and Tye, 1985 
and Barnett et al., 1993. Such techniques involve the 
use of telomeric DNA to effect a break in the chromosome. 
The technique may be repeated for as often as required in 
order to achieve a fragment of the desired size. After 
each step, the ability of the fragments obtained to 
replicate and segregate during cell cycle may be 
confirmed by mitosis experiments and only those which are 
mitotically stable to a reasonable extent selected. 
Techniques such as in situ hybridisation to chromosomes 
•in whole cells such as described in Funabiki et al. 
(1993) may be employed in these experiments. 
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Thus, a preferred method of the present invention 
comprises using cloned telomeric DNA to dissect a 
chromosome fragment containing the centromere. Suitably, 
this employs a pair of vectors each containing telomeric 
5 DNA, a marker gene, and chromosomal DNA from the 

centromeric region in opposite orientations in the two 
vectors, introducing the vectors into cells containing 
the chromosome, selecting cells which have stably 
integrated vector, and isolating a clone containing a 

10 chromosome derivative which has lost one arm of the 

chromosome but retained the other arm truncated by 
telomere -directed breakage within the centromeric array, 
such clone segregating accurately at mitosis and being 
retained by cells proliferating in the absence of 

15 selection. 

The selected clone is then subjected to a further round 
of telomere -directed breakage to obtain a mini -chromosome 
fragment which is maintained stably by cells 

20 proliferating in culture. The second round breakage 

construct will suitably comprise telomeric DNA and a 
marker gene under the control of appropriate control 
agents such as promoters. An example of a suitable 
second round breakage construct is a linearised plasmid 

25 containing a 1.2kb stretch of human telomeric DNA, an 

Escherichia, coli guanine phosphoribosyl transferase gene 
driven by an SV40 early region promoter and a 
Saccharomyces cerevisiae ADE2 gene. 

30 We have found that in this manner one can obtain a mini- 
chromosome fragment small enough to be resolved by gel 
electrophoresis . 

The applicants' have identified a number of useful 
35 chromosome fragments which are derived from the human Y 

chromosome. The fragments are derived either from the 
short arm of the chromosome or the long arm of the human 
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Y chromosome. Preferred small fragments have been 
isolated from the long am of the human Y chromosome. 

Therefore in a particular embodiment, the present 
5 invention provides a vector comprising a linear 

derivative of the human Y chromosome which includes at 
least some alphoid DNA, said fragment being capable of 
replication and segregation during cell cycle, and 
capable of resolution by gel electrophoresis. 

10 

A fragment derived solely from the short arm of the human 

Y chromosome is approximately 8Mb in size. This 
fragment is suitably prepared by effecting the steps of 
carrying out a first telomere-directed truncation of the 

15 human Y chromosome, isolating stably segregating a 

fragment which contains only short arm and alphoid DNA, 
carrying out a second telomere-directed truncation of the 
isolated fragment, and isolating a shorter stably 
segregating fragment. A cell line containing this 

20 fragment designated Al was deposited at the European 

Collection of Animal Cell Cultures {ECACC) on 23 'May 1995 
under accession number 95052342. 

Fragments derived using a similar telomere directed 
25 truncation technique have been obtained from the long arm 

of the human Y chromosome. Fragments of approximately 
6Mb in size and also as small as 3.5Mb in size are 
obtained in this way. The structure of these fragments 
has not been fully elucidated and it is believed that 
3 0 some form of rearrangement, possibly involving movement 

of the centomere takes place. However the fragments so 
obtained are capable of replication and segregation and 
their size makes them very useful as vectors. Cell 
lines containing three such fragments designated A7, A128 
35 and A196 were deposited at the ECACC on 23 May 1995 under 

the accession numbers 95052343, 95052344 and 95052345 
respectively. 
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A7 and A128 were found to be similar but not identical in 
size and are approximately 6Mb long. A196 was found to 
be approximately 9Mb long. 

5 In yet a further aspect the invention comprises a vector 

as described above into which a gene encoding a desired 
protein has been incorporated. Furthermore the invention 
provides a cell transformed using a vector as described 
above. 

10 

Yet further the invention provides a method of carrying 
out gene therapy which comprises forming a vector as 
described above including a desired gene and 
incorporating the said vector into the host cells. 

.15 

By using the chromosome fragments as a basis for DNA 
vectors, the problems of insertional mutagenesis can be 
overcome. In particular, they will allow long tracts of 
DNA, potentially including multiple genes into hosts, 
20 suitably mammals or cells in tissue culture. Such 
vectors, being accurately reproduced during many 
generations, are extremely advantageous. 

As used herein, the expression capable of 'replication 
25 and segregation during cell cycle' means that the DNA is 

accurately replicated and segregated for at least 100 and 
suitably at least 500 cell divisions and that preferably 
the chromosome is lost no more than once every 200 cell 
divisions suitably no more than once every 1000 cell 
30 divisions. 

In addition, when a fragment is said to be resolved by 
gel electrophoresis, it is generally expected that this 
will have a size of no more than about 10Mb. Suitably 
35 fragments of this size or less, preferably 6.0Mb or less 

and more preferably 3.5Mb or less, are used as the basis 
of DNA vectors. 

The invention will now be particularly described by way 
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of example with reference to the attached Figures in 
which 

Figure 1 shows the design of initial targeting experiment 
5 to dissect the centromere region of the human Y 

chromosome with telomeres; 

Figure 2 illustrates the progress of the experiment of 
Figure 1; 

10 

Figure 3 shows the results of an analysis of two cell 
lines obtained in the experiment by fluorescent in situ 
hybridisation; 

15 Figures 4a- 4c show the results of molecular studies 

carried out on the cell lines of Figure 3; 

Figures 5a-5b show the mapping of the EcoRI and Xbal 
sites flanking the constructs in the cell lines; 

20 

Figures 6a-6c show the results of fluorescent in situ 
hybridisation experiments looking at the mitotic 
behaviour of the Y chromosome and the derivatives; 

25 Figure 7 demonstrates the stable inheritance of one of 

the cell line and of a deleted derivative of the second; 

Figure 8 illustrates the kinetics of variant accumulation 
in a culture of dividing cells; 

30 

Figure 9a and 9b illustrate the design of an experiment 
to further dissect one of the derivatives and the 
structure of the plasmid used in this experiment 
respectively; 

35 

Figure 10 illustrates the progress of the second step of 
the experiment of Figure 9a; 
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Figure 11 shows a map summary of the desired Al fragment; 

Figure 12 illustrates the stability of the final fragment 
obtained. 

5 

Figure 13 shows fluorescent in situ hybridization of 
chromosomes isolated from the cell line containing Al; 
and 

10 Figure 14 shows pulsed field gel analysis of DNA 

extracted from the cell line containing Al and from 
Schizosaccharomyces pombe. 

As mentioned above, the applicants have been using cloned 

15 telomeric DNA (Bamett et al. 1993) to dissect the human 

Y chromosome of defined structure (Brown et al. submitted 
for publication) . The design of this work is illustrated 
in Figure la. The 853 mono -chromosome somatic cell 
hybrid line (Burk et al. 1985) was used as the source of 

20 human Y chromosome. This cell line is hprt- and will not 

grow in medium containing hypoxantine, aminopterin and 
thymidine (HAT) . In experiments described in detail 
below, a plasmid containing a 5.7kb fragment of Y 
chromosome derived alphoid DNA (Tyler-Smith and Brown, 

25 1987) , a gene encoding resistance to the antibiotic G418, 

a 1.2kb stretch of cloned telomeric DNA (Barnett et al., 
1993), and a cassette to allow recovery of flanking 
sequences in Saccharomyces cerevisiae was introduced into 
853 cells. Cells which had stably integrated the plasmid 

3 0 were selected and one clone isolated which contained a Y 

chromosome derivative, called AYq74, which had lost the 
long arm of the human Y chromosome, retained the short 
arm and which had been truncated by telomere directed 
breakage within the centromeric array of alphoid DNA. 

35 Extensive analysis established that AYq74 segregates 

accurately at mitosis and is retained by cells 
proliferating for many months in the absence of 
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selection. 

Cells containing AYq74 were taken and AYq74 broken in a 
second round of telomere directed breakage. A novel 
5 fragment or mini -chromosome designated Al was produced. 

This was found to be a linear mini -chromosome of about 
8Mb in size which could be separated using gel 
electrophoresis . It is maintained stably by cells 
proliferating in culture and contains selectable marker 
10 genes close to each of the two telomeres. 

The following Examples illustrate an embodiment of the 
invention. In these examples, the following cell culture 
techniques were employed throughout. 

15 

853 cells (Burk et al . , 1985), HT1080 cells (Rasheed et 
al, 1974) and cells containing the truncated chromosomes 
were cultured in Dulbecco's modified Eagle's medium 
(DMEM) supplemented with 10% Foetal Calf Serum as 

20 described in the art (Barnett et al., 1993). 

Electroporation was also as described (Barnett et al . , 
1993) . The protocol for colony hybridization was that of 
Avraham et al. (1989) except that Hybond nylon membranes 
were used. Clones to be identified by colony 

25 hybridization were originally plated out at about 200 

colonies per 9 cm. plate and were subsequently purified 
by three further rounds of colony hybridization and 
cloning. 

30 In order to confirm the stability of the clones, the 

microcell fusion protocol of Fournier (1981) was used 
except that microcells were separated from donor cells by 
centrifugation of colcemid treated donor cells for 70 
minutes at 3s]000g in a 1:1 mixture of Percoll 

3 5 (Pharmacia) and DMEM with 10% Foetal Calf Serum which 

contained Cytochalsin B at lO/ig./ml. Two microcell 
containing bands formed and were aspirated from the 
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gradient and the microcells, were harvested by 
centrifugation at l,000g for 15 minutes and then filtered 
successively through 8/im and 5/xm polycarbonate filters. 
Recipient cells were washed twice in phosphate buffered 
5 saline, incubated with the microcells for 15 minutes at 

37°C in PBS containing Phytohaemagglutinin at 10/ig/ml. 
The supernatant was then gently removed and the cells, 
coated with the microcells, were incubated in 50% 
polyethylene glycol 1500 in serum free DMEM for two 
10 minutes at 37°C. The cells were washed twice with serum 
free medium and then incubated for 10-15 minutes at 37 °C 
in serum free medium. The cells were then incubated 
overnight in DMEM containing FCS, split and selection was 
applied. 

15 

Typically 200/xg/ml. G418 was used to select for either 
HT1080 or 853 derivative cells carrying the G418 
resistance gene. 

20 

Example 1 

Targeting and Cloning of Chromosome Fragments 

25 In an initial targeting experiment (Fig 1) the 853 

monochromosomal somatic cell hybrid line (Burk et al., 
1985) was used as the source of the human Y chromosome. 
These cells proliferate quickly in culture and the 
absence of other human chromosomes in the hybrid make it 

30 easy to detect Y chromosome derivatives in a clone of 

cells. There is a single array of alphoid DNA at the 
centromere of the human Y chromosome (Tyler-Smith and 
Brown, 1987) . The orientation of the array is known 
(Cooper et al, 1993) and is indicated by the positions of 

35 the EcoRI and Xbal sites which occur once and twice 

respectively in each 5.7kb unit. Two targeting plasmids 
(A and B ' in Fig. 1) were constructed each containing a 
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5.7kb EcoRI fragment of Y chromosome DNA cloned from the 
alphoid array (Tyler-Smith and Brown (1987) , a gene 
encoding resistance to the antibiotic G418, a 1.2kb 
stretch of cloned telomeric DNA (Bamett et al., 1993) 
5 and a cassette to allow recovery of flanking sequences in 

S. cerevisiae. 

The G418 resistance gene used in the .constructs was 2.2kb 
Accl-BamHl fragment of pSV 2 neo (Mulligan and Berg, 1980) . 

10 The fragment used in the targeting constructs to allow 

shuttling into S. cerevisiae was constructed from the 
URA3 containing Sal-lXhol fragment of pYAC4. (Burke et 
al. v 1987) the CEN4 containing HpalClal fragment of pYAC4 
and an ARS sequence contained in a 500bp Sstll-Hindlll 

15 fragment of the HO endonuclease gene (Kearsey, 1983) . 

The human telomeric sequences were contained in the 1.2kb 
Taql fragment described in Barnett et al. (1993) . 

The alphoid DNA in the appropriately linearized plasmid 
20 was intended to target it to the alphoid array and the 

telomeric DNA acts to cause chromosome breakage. The two 
plasmids differ in the respective orientations of the 
5.7kb alphoid units and thus targeted breakage of the Y 
chromosome by these plasmids was expected to generate 
25 derivative chromosomes of reciprocal structures. 

The 853 cells were transfected with either of the 
linearized targeting plasmids A or B and screened in 
three successive ways for clones which contained Y 

30 chromosomes broken within the alphoid DNA, Firstly 

colony hybridization with Y long arm (DY21) and Y short 
arm (DXYS20) specific probes was used to identify clones 
which have deleted either all or part of either the long 
or short arms of the chromosome. Secondly gel 

35 electrophoresis and filter hybridization was used to 

other Y chromosome probes to map the extent of the 
deletions. Filter hybridization and gel electrophoresis 
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were carried out as described in Barnett et al., (1993), 
Finally in situ hybridization with a probe specific for 
the breakage construct was used to determine which clones 
contained autonomous chromosomes that had been truncated 
5 by the targeting, constructs. In this way 24 clones were 
isolated (Fig 2) which were truncated on either the long 
arm or short arms by telomeric DNA. The sequence content 
of these clones was determined by gel electrophoresis and 
filter hybridisation. These are is indicated in Table 1 
10 where 'T' represents truncation of the centromeric 

alphoid array; ' R' represent a rearrangement 
characterized by the presence of two cognate large BamHI 
fragment , ' + ' indicated that the locus is present and ' - ' 
indicates that the locus is absent. 

15 

The remaining clones which hybridized differentially to 
DXYS20 and DYZ1 contained Y chromosome fragments that had 
either integrated into or translocated onto hamster 
chromosomes . 

20 

Probes used in the analysis of the Y chromosomes were as 
follows; 29cl for the telomere of Yp (Cooke et al., 

1986) , 62RI (Brown, 1988), ZFY (Page et al., 1987), I15i 
(DXYS8) and p!6 (DXYS6) , (Geldwerth et al . , 1986) the 

25 4.5kb Hindlll fragment of Y190 (DYZ5 ; Tyler-Smith et al., 

1988) pDP34 (DXYS1) (Page et al . , 1984) 50f2, 52d and 
64a, (Guellan et al., 1984), 21A1 (DYZ8 ; Amemann et al.,- 

1987) , GMGY6 and GMGXY3 (Affara et al., 1986) 43/2 and 
20/3, oxYl (Oakey and Tyler-Smith, 1990) and TelBam3.4 

30 for the telomere of Yq (Brown et al., 1990). 

In situ hybridisation of biotin labelled probes to 
metaphase chromosomes was as described by Buckle and Rack 
. (1993) . 

35 

One member of each of the short arm and of the long arm 
deletion series had lost either the entire short arm or 
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long arm and contained a single alphoid DNA array which 
was smaller than that of the starting chromosome. These 
chromosomes; AYpl34 and AYq74, were thus candidates for 
chromosomes which had been targeted and broken in the 
5 alphoid array. The results of an analysis of these lines 

by fluorescent in situ hybridization are illustrated in 
Fig. 3. Probing chromosomes of either the original 853 
line, the AYq74 clone or the AYpl34 clone with human 
genomic DNA detected a single autonomous chromosome. A Y 

10 chromosome alphoid DNA probe identified a single locus of 

hybridization on a chromosome identical in size and 
appearance to the one identified by the human genomic DNA 
probe. The alphoid signal was at primary constriction of 
the Y chromosome and at or close to the end of AYq74 or 

15 AYpl34. A probe for the breakage construct , lacking 

alphoid and telomeric components, specifically stained 
both AYq74 or AYpl34 . 

Molecular studies illustrated in Fig 4 confirmed and 
20 extended the results of the In situ hybridization. 

The work giving rise to Fig 4 was carried out as follows: 

Fig 4a. The alphoid DNA was truncated and on the same 
25 restriction fragment as the targeting construct in AYq74 

and AYpl34. 

DNA extracted from either 853 cells or from cells 
containing AYq74 or AYpl34 was restricted with the 
3 0 indicated enzyme, the digests were analysed by pulsed 

field gel electrophoresis and filter hybridization with a 
neo probe specific for the targeting construct and then 
with a Y alphoid probe. Markers are oligomers of XcI857 
DNA. 

35 

Fig 4b. The targeting constructs have seeded new 
telomeres in AYq74 and AYpl34. DNA extracted from either 
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AYq74 or AYpl34 was digested in solution with Bal31 for 
progressively increasing lengths of time and then with 
Hindlll . Digests were analysed by gel electrophoresis 
and filter hybridization with a probe specific for the S. 
5 cerevisiae CEN4 sequence in each construct. 

Fig 4c. The long range organization of the alphoid DNA 
in AYq74 and AYpl34. The restriction site mapping 
illustrated in A was extended and sites for the indicated 
10 enzymes placed in the DNA flanking the alphoid DNA in the 

original Y, AYq74 and AYpl34 to produce the map. 

DNA from the 853 and AYq74 and AYpl34 cell lines was 
restricted with six enzymes that do not cut within the 

15 alphoid DNA array and analyzed by filter hybridization 

after gel electrophoresis (Fig 4a) as described by 
Barnett et al., (1993) . Each chromosome contained a 
single alphoid DNA fragment which was smaller in AYq74 
and AYpl34 than in the original cell line. For example 

20 the Bglll fragment derived from the 853 line was SSOkb 

long and the fragments derived from the AYq74 and. AYpl34 
lines were 145kb and 480kb long respectively. The 
alphoid fragments in the derived lines hybridized to a 
probe specific for the breakage construct demonstrating 

25 that the breakage constructs had integrated into the 

alphoid DNA (Fig 4a) . The teloraeric location of the 
targeting constructs in AYq74 and AYpl34 was confirmed by 
demonstrating their sensitivity to Bal31 exonuclease 
digestion (Fig 4b) . The restriction site mapping 

30 experiments initiated in Fig 4a were extended and 

positioned the sites for other enzymes in the DNA 
flanking the alphoid arrays. Restriction site mapping 
confirmed that the constructs were intact. These maps 
were combined to produce a map (Fig. 4c) of the DNA 

35 flanking array in the original chromosome. The map was 

identical to the one generated in previous work (Tyler- 
Smith, 1987) using double digests and thus, these results 



WO 95/32297 



PCT/GB95/01195 



combine with the deletion analysis to indicate that the 
truncations have not been accompanied by other 
rearrangements. The restriction site mapping also 
established that AYq74 and AYpl34 hold 70kb of DNA of 
5 their respective alphoid arrays in common. 

Each 5.7kb alphoid unit contains a single EcoRI site and 
a pair of Xbal sites. These positions of these sites are 
known and they can be used to orient individual units. 

10 In order to determine whether the constructs had 

integrated into the alphoid DNA by homologous 
recombination and whether the DNA held in common by AYq74 
and AYpl34 was likely to be exclusively alphoid, the 
EcoRI and Xbal sites flanking the constructs in AYq74 and 

15 AYpl34 (Fig. 5) were mapped. 

DNA from either AYq74 or AYpl34 was digested to 
completion with Bglll, partially restricted with either 
EcoRI or Xbal and analysed by gel electrophoresis and 
20 filter, hybridization with a neo probe, illustrated in 

Figure 5a. 

Restriction site maps deduced from Fig. 5a are shown in 
Fig. 5b. There are a number of unresolved bands at about 
25 23kb in the second track of AYq74 in A. The number of 

Xbal sites represented in the unresolved cluster is 
either three or four and has been arbritarily indicated 
as four. The alphoid arrays in the top and bottom panels 
are not aligned. 

30 

Analysis of the AYq74 DNA established that the construct 
had not integrated into the genomic DNA by a simple 
homologous recombination event as it appeared that three 
5.7kb alphoid units flanking the integrated construct in. 
35 the AYq74 cell line had inverted with respect to their 

usual orientation. The AYpl34 mapping results were more 
straightforward and were consistent with the construct 
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having integrated by a simple homologous recombination 
event. The sizing on the blot in Fig. 5a is imprecise 
however and we cannot be sure of such a mechanism without 
sequence data. The maps of the DNA for 40kb flanking 
5 each construct are also consistent with this DNA being 

alphoid DNA and thus these data also indicate that the 
70kb held in common by AYq74 and AYpl34 is alphoid. 

Example 2 

10 

Examination of Mitotic Behaviour 

Fluorescent in situ hybridization to whole anaphase cells 
was used to examine the mitotic behaviour of the Y 

15 chromosome and the truncated derivatives. The techniques 
used was modified from the protocol developed by Funabiki 
et al. (1993) . The cells were grown for 36-48 hours 
after plating onto 22mm square coverslips, rinsed in PBS 
and then simultaneously fixed and permeabilised by a 

20 30min. incubation in 20mM potassium phosphate, 130mM 

NaCl, 20mM KCI, lOmM EDTA, 2mM MgCl 2 , 0.1% Triton X-100 
and 0.5% glutaraldehyde (EM Grade from Polysciences) # 
pH7.3 at room temperature. The cells on the coverslip 
over rinsed three times with PBS and incubated twice with 

25 lmg/ml NaBH 4 in dH 2 0, washed twice in PBS and incubated 

for 3 0 minutes in 5% normal goat serum in PBS. The cells 
were then washed four times in PBS and fixed a second 
time by incubation in 50mM ethylene glycol bis- 
(succinimidylsuccinate) in PBS for 30 minutes at 37°C. 

30 After washing in PBS the coverslips were incubated in 

lOOjig/ml. RNAase A in PBS at 37°C for one hour and then 
rinsed again in PBS. The DNA was denatured by a four 
minute incubation in 0.2M NaOH at room temperature and 
the coverslips were flooded with PBS. The coverslips 

35 were then plunged into ice cold PBS and then hybridized 
in situ with biotinylated probe as described by Buckle 
and Rack (1993) and finally washed in SSC at 37°C. 
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Detection was as described by Buckle and Rack (1993) and 
images were collected on a MRC 600 confocal microscope 
and transferred to a Titan 3000 workstation for 
manipulation and display. 3D projections were calculated 
5 and displayed using the software described by Highett and 

colleagues (1993) . 

Fig 6a shows anaphase segregation of the intact Y 
chromosome in the 853 cell line, Fig 6b shows segregation 

10 of AYq74 and Fig 6c shows what we saw most often with 

AYpl34. In about 10% of the mitotic cells (see figure 
legend for numbers) AYpl34 specifically lagged with 
respect to the other chromosomes and a particularly 
extreme example is seen in Fig 6d (a telophase cell) . We 

15 examined about 1,000 anaphase and early telophase cells 

of each of the cell lines containing either the original 
Y, AYq74 and AYpl34 or the chromosome AYp6 which is 
truncated at the tip of the short arm and which serves to 
control far any effect that the breakage construct may 

20 have upon the behaviour of the chromosome (Table 2) . No 

cells were observed in which both Y chromatids segregated 
to a single pole (2:0 events) and it was thus concluded 
that each of the four chromosomes was segregating 
accurately. Although about 10% of the AYpl34 cells 

25 contained a lagging chromatid, all of those seen in the 

sample 985 cells had separated from their sisters and 
appeared to be moving to opposite poles. It was 
estimated that about 10,000 anaphase and telophase AYpl34 
cells were seen in the course of all experiments and in 

30 only two of these did it appear possible that the 

chromatids were not about to end up in different daughter 
cells. Between 1% and 5% of the cells contain four 
chromatids segregating in a 1:1 ratio; analysis of 
metaphase chromosomes established the presence of similar 
3 5 percentages of tetraploid cells with two chromosomes in 

the lines; suggesting that the cells with four chromatids 
were tetraploid cells which may have arisen through 
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occasional endoreduplication events. Between 2% and 5% 
of the cells did not contain chromosomes detectable by in 
situ hybridization. These cells appear to have arisen 
from a failure of the probe to enter the cells because 
5 the cultures were also analyzed by colony hybridization 

to total human genomic DNA and found that greater than 
99% of the colonies hybridized specifically. Between 0% 
(AYp6) and 1.1% (AYpl34) of the cells in these lines 
contained odd numbers of chromatids. These cells may 

10 have arisen from either a detection failure or a failure 

of chromosome replication. Examination of the DAPI 
stained chromosomes in the same figures revealed no 
chromatids outside the polar group of hamster suggesting 
that none of these cells contained inaccurately 

15 segregating chromatids . 

Given a sample size of 1,000 there is a greater than 95% 
probability that we would have detected an inaccurate 
segregation event if such events were occurring at a 

20 frequency of greater than 1 in 300 and so we can say at 

this level of precision that the intact Y chromosome, 
AYp6 and the AYq74 and AYpl34 chromosomes are segregating 
accurately. These results therefore demonstrate that the 
AYq74 and AYpl34 have functional centromeres and we shall 

25 henceforth refer to them as, respectively, the short arm 

and long arm acrocentric derivatives of the Y chromosome. 

The relative stability of the chromosomes in mitotically 
proliferating cells was determined by growing cells in 

30 the absence of applied selection and measuring the 

proportion of the cells retaining the chromosomes by 
colony hybridization. The 853 line was grown for three 
months and the' lines containing the acrocentric 
chromosomes and the control chromosome (AYpG) for three 

35 and five months. The lines containing the acrocentric 

chromosomes and the control chromosomes were also grown 
in the presence of G418 to confirm the accuracy of the 



WO 95/32297 



PCT/GB95/01195 



19 

assays. The Y chromosome and its derivatives were 
detected by colony lifts and filter hybridisation with 
either the DYZ1 probe and then total AYq74 DNA (853, 
AYpS, AYpl34) or with the DXYS20 probe and total hybrid 
5 DNA. The figures (Table 3) indicate the proportion of 

colonies which hybridized to the hybrid cell DNA probe 
but not to the chromosome specific probe. The number of 
colonies in the two categories are indicated in brackets. 

10 Table 3 indicates that greater than 95% of the cells of 
each of the lines had retained the chromosomes after 
three months growth in the absence of applied selection. 
After five months growth in the absence of the antibiotic 
99% of cells retained the AYp6 chromosome, 95% of cells 

15 retained the long arm acrocentric chromosome and 86% of 

"cells retained the short arm acrocentric chromosome. 
Fluorescent in situ hybridization to chromosomes prepared 
from these lines at five months confirmed these figures 
and demonstrated that greater than 95% of the chromosomes 

20 isolated from the lines grown in the absence of selection 

were structurally intact (not shown) . If we assume that 
cells containing the chromosome grow as fast as those 
without the chromosome then the loss of the short arm 
acrocentric after five months growth in the absence of 

25 selection is consistent with this chromosome being lost 

once every 1,000 cell division cycles. 

The simple model used in the interpretation of the cell 
culture data is illustrated in Figure 8. In this figure, 

30 the filled circles represent type A cells which contain a 
chromosome and the empty circles correspond to variant B 
cells which lack a chromosome. It was considered that 
parental line, termed A, divides with a first order rate 
k lt it generates variants called B with a rate constant k 2 

35 which in turn divide with a first order rate given by k 3 . 

For small values of k 2 the following equation should 
apply: 
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dA/dt-k t A; 
dB/dt=k 2 A+k 3 B 

5 If A q is defined as the number of cells at t=0 then this 

pair of equations has three solutions according to the 
relative values of k, and k 3 . The simplest assumption is 
that the A and B cells divide at the same rate; ie k L =k 3 
and this leads to the solution for small values of B 
10 that: 

A=Aoe klt and B/A=k 2 t. 

These expressions were used in extrapolating the rate of 
15 chromosome loss per cell division from the results of the 
experiments where the cells were grown in the absence of 
selection and then measured the amount of chromosome 
loss. The rate at which both the 853 cells and the 
HT1080 cells double is once every day and so the value of 
20 kjis taken as Id* 1 . 

The assumption of an absence of differences in growth 
rate is not necessarily valid given the interclonal 
variations in a typical cell culture and the rate of loss 
25 of the short arm acrocentric may thus be less than one 

loss event per thousand cell divisions. 

The acrocentric chromosomes were transferred to the human 
cell line HT1080 using microcells in order to exclude the 

30 possibility that the retention of the chromosomes in the 
hybrid cells reflected complementation of a recessive 
defect in the Chinese hamster chromosomal background. 
HT1080 is of male origin and includes a Y chromosome. 
The short arm acrocentric chromosome was transferred 

35 intact but the long arm acrocentric chromosome deleted 
sequences during this procedure. Gel electrophoresis, 
filter hybridization and phosphorimaging was used to 
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assess chromosome retention after extended proliferation 
in the presence and absence of G418. Figure 7 shows 
filter hybridization of BamHI digests with a neo probe. 
Size markers were multimers of Xcl 857 DNA. The alphoid 
5 DNA was intact and the chromosomes were maintained after 

at least four months (HT- AYq74) or four and a half months 
(HT-AYpl34) growth in the absence of G418. In order to 
measure the rate of loss of the experimental chromosomes 
relative to the rate of loss of the Y chromosome in the 

10 parental line we reprobed the filter illustrated in 

Figure 7 with an alphoid probe and determined the 
relative intensities of the signals due to the host and 
donor Y chromosomes; comparison of these values before 
and after growth indicated that the short arm acrocentric 

15 AYq74 was retained but that about a third of the deleted 

derivative of the long arm acrocentric had been lost, 
suggesting a rate of loss of this chromosome of about 
once every 500 cycles of cell division. 

20 

Example 3 

Further Telomere -directed Truncation of AYq74 

25 The observation that AYq74 segregates accurately and is 

retained by cells for many months in the absence of 
selection led to further investigation of this line. 
The overall experiment with respect to AYq74 is 
illustrated in Figure 9a. The terms DXYS20, DYZ1 and 

30 alphoid refer to sequences present in the chromosomes 
which have been indicated diagrammatically. The terms 
ADE2, svgpt and svneo refer to selectable marker genes 
present in the breakage constructs. The letters ACU 
refers to the ARS, CEN4 and UPA3 sequences present in the 

35 first round breakage construct. 

The structure of the plasmid used in the second round of 
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telomere directed breakage is illustrated in Fig 9b; this 
plasmid pBSADE2svgpt TEL contains an Escherischia coli 
xanthine -guanine phosphor ibosyl transferase gene driven 
by an SV40 early region promoter (Mulligan and Berg, 
5 1981) , a Saccharomyces cerevisiae ADE2 gene (Stotz and 

Linder, 1990) and a 1.2kb stretch of human telomeric DNA 
which as previously shown (Barnett et al., 1993) 
efficiently directs chromosome breakage and the formation 
of a new telomere in mammalian cells. 

10 

The progress of the experiment is summarized in Fig. 10. 
"In situ hybridization" refers to analysis by fluorescent 
in situ hybridization to metaphase chromosomes as 
described by Buckle and Rack (1993) . 

15 

Cells containing AYq74 were transfected with the plasmid 
pBSADE2svgpt TEL which had been linearized so that the 
telomeric DNA was located at one end of the construct, 
selected for stably transfected clones using HAT and 

20 screened for clones which contained mini -chromosomes 

generated by a second round of telomere directed 
chromosome breakage broken in four successive ways. 
Firstly colony hybridization with the Y short arm probe 
DXYS20 was used to identify clones which had deleted the 

25 centromere distal end of the AYq74 chromosome. Secondly 

fluorescence in situ hybridization with a Y chromosome 
alphoid DNA probe was used to identify clones containing 
small autonomous chromosome derivatives of the original 
AYq74 chromosome; this led to the identification of 16 

30 chromosomes. Thirdly gel electrophoresis and filter 

hybridization to other Y chromosome short arm probes was 
used to map the extents of the deletions and to detect 
any rearrangements in this set of 16 clones (Table 4) . 
Finally fluorescent in situ hybridization to metaphase 

35 chromosomes with a probe for the breakage construct was 

used to determine which clones contained autonomous 
chromosomes that had been truncated by the second round 
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breakage construct. In this way we isolated one clone 
which contained a chromosome Al, which was truncated by 
the integration of the second round breakage construct 
pBSADE2svgpt TEL into AYq74 . The remaining clones 
5 contained Y chromosome fragments rearranged by other 

undefined mechanisms. A final FISH analysis of the clone 
containing the Al chromosome was carried out (see Fig 
13) . Metaphase chromosomes of the hybrid somatic cell 
line containing Al were hybridized in situ with a probe 

10 recognising the svgpt gene, the SVneo gene and the S. 

cerevisiae components in the breakage constructs used to 
generate Al. The probe was not specific for the second 
round breakage construct, pBSADE2svgpt TEL, but also 
recognized sequences used in the construction of AYq74. 

15 As shown in Fig 13, three sites of hybridization were 
seen, two are on the mini -chromosome, Al and are 
represented by three dots, indicated with an arrow head, 
and one is at the end of a large hamster chromosome. The 
starting chromosome AYq74 contains a single site of 

20 hybridization with this probe. It was concluded that the 

line containing Al contains two sites where the 
pBSADE2svgpt TEL has integrated; one is on the Y derived 
mini -chromosome Al and the other is on a hamster 
chromosome. Analysis of DNA extracted from the line 

25 containing Al by restriction enzyme digestion and filter 

hybridization confirmed that there are two sites of 
integration of pBSADE2 svgpt TEL and that they are both 
telomeric . 

30 Example 4 

Size fractionation and stability of Al by pulsed field 
gel electrophoresis. 

Pulsed field 'gel electrophoresis was used to measure the 
35 size of Al. We size fractionated DNA extracted from 

cells containing Al together with DNA extracted from the 
yeast Schizosaccharomyces pombe and analysed the size 
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fractionated DNA either by ethidium bromide staining and 
photography (Figure 14A) or by hybridization with a Y 
chromosome alphoid probe after filter transfer (Figure 
14B) . DNA embedded in agarose plugs was extracted from 
either Schizosaccaromyces pombe cells or from cells 
containing Al and electrophoresed at 1 V cm" x in 0.6% 
agarose in a pulsed field gel in half strength TAE buffer 
at a pulse time of 90 minutes for 10 days at 4 degrees 
celsius. The gel was then stained in a solution of 
ethidium bromide at 10 pg/mL for lh, rinsed in water and 
photographed under ultra violet light, transferred to a 
nylon filter and then the filter was probed with a Y 
chromosome alphoid DNA probe. An autoradiograph of the 
hybridized filter transfer was made. 

The relative mobilities of the hybridizing fragment in 
Figure 14B and of the S. pombe chromosomes which are of 
known size (Fan et al, 1988) indicated that the Al 
chromosome is approximately 8Mb in size. 

The results are summarized in the map of Al illustrated 
in Fig 11. As noted earlier the human Y chromosome has 
been extensively mapped (Foote et al., 1992) and it is 
possible to estimate the approximate positions on Al of 
some of the sequences used in the analysis of Al 
indicated in Table 1. 

Pulsed field gel electrophoresis was also used to examine 
the structural stability of Al upon prolonged 
proliferation. Cells were cultured for three months and 
DNA was extracted at intervals of approximately 14 days 
as illustrated in Fig 12. The DNA was size fractionated 
by gel electrophoresis, filter transferred to nylon and 
analysed by hybridization with a probe specific for the 
alphoid DNA; Al is maintained with a constant structure. 

AYq74 and Al were analysed for sequence tagged sites 
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(STS) as set out in Vollrath et al., Science (1992), 258. 
52-59 which is incorporated herein by reference, using 
the polymerase chain reaction (PCR) . It was found that 
AYq74 contains sY 3, 5, 6, 7,10, 11, 12, 13, 14, 15, 17, 
18, 19, 20, 21, 22, 23, 24, 26, 27, 28, 29, 30, 31, 32, 
33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 
47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 
61, 62, 63, 64, 65, 66, 67, 68, 69, 76 and 77. Al 
retains all these sitses with the exception of the more 
distal sequences, specifically sY 3, 5, 6, 7, 10, 11, 12, 
13, 14, 15, 17, 18, 19, 20, 21, 22, 23, 24, 26, 27, 28, 
29, 30, 31, 32, and 33. 

Example 5 

Further Telomeric- directed Truncation of AYql34 

Using methods anologous to those described in Example 3 
and Example 4, three stable derivatives of the AYql34 
clone were obtained and designated A7, A128 and 
A196. A7 and A12B are similar but not identical in size 
and are approximately 6Mb long. A196 is approximately 
9Mb long. 

Analysis of AYql34, A 7, A128 and A196 for the long arm 
sequence tagged sites have found that AYql34 contains sY 
53, 54, 55, 56, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 
90, 92, 93, 94, 97, 98, 99, 100, 101, 102, 103, 104, 105, 
106, 107, 108, 109, 110, 111, 113, 115, 116, 117, 118, 
119, 120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 
130, 131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 
142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 
153, 154, 155, 157, 158, 159, 160 and 161. 

A 7 was analysed for all these sites but it is deleted 
for all except sY 54, 55, 56, 88, 90, 92, 97, 98, 99, 
106, 109, 110, 129, 130, 131, 132, 133, 134, 135, 136, 
137, 138, 139, 140, 142, 143, 150, 153, 154, 155, 159, 
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160 and 161 which are retained. 

Similarly A128 was analysed for all the sequences found 
on AYql34 and it is deleted for all except sY 54, 55, 56, 
5 88, 90, 92, 97, 98, 99, 104, 106, 109, 110, 129, 130, 

131, 132, 133, 134, 135, 136, 137, 138, 139, 140, 142, 
143, 150, 153, 154, 155, 159, 160 and 161 which are 
retained. 

10 Analysis of A196 in a similar manner showed that all the 

STS sequences present on AYql34 were deleted with the 
exception of sY 79, 81, 82, 83, 84, 85, 86, 87, 88, 90, 
92, 93, 94, 97, 98, 99, 100, 101, 102, 151 and 161. 

15 All chromosome fragments retain the alphoid DNA and are 

therefore positive for sY78. 

Example 6 

Vector production 

20 

Al is linear mini -chromosome of approximately 8Mb in 
size; it is maintained stably by cells proliferating in 
culture and contains selectable marker genes close to 
each of the two telomeres. Al can be readily engineered 

25 to act as a vector for specific sequences by using 

homologous recombination to target sequences into the 
region of Al containing the svgpt gene. Sites (eg the 
lox P site of phage PI) for the site specific 
recombinases (eg the ere recombinase of phage PI) could 

30 be targeted to Al as described above and used as targets 

for recombinase catalysed integration of specific 
sequences of interest such as plasmids or yeast 
artificial chromosomes. This would be a specific example 
of a general use of such site specific recombinases 

35 proposed by other (Fukushige and Sauer, 1992) . The 

recombinase could also be used to catalyse the 
translocation of sequences between the proposed 
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derivative of Al and host cell chromosomes which have 
also been marked with a site specific recombination 
recognition sequence. In this way large tracts of DNA 
could be mobilized onto the derivative of Al. 

5 

Similar considerations will apply to A7, A128 and A196 in 
terms of their use as vectors. 

Several human genes or genes complexes of clinical 
10 importance are located close to telomeres and could be 
mobilized onto the derivative of Al in this way. These 
genes include the a globin complex, the factor VIII gene 
and the immunoglobulin heavy chain complex. 

15 Al and derivatives of the types described above could be 

used in transgenesis of whole animals by introducing 
these mini -chromosomes into embryonal stem cells using 
either fusion or raicrocells (Fournier, 1981) containing 
Al or a derivative with embryonal stem cells. 

20 Alternatively Al or its derivatives might be isolated 

from cells arrested at mitosis and introduced into 
embryonal stem cells by electroporation or lipofection 
(Feigner et al., 1987) . In those organisms where 
embryonal stem cell lines have not been isolated Al or 

25 its derivatives be introduced into fertilized eggs by 

microin j ection . 

Similarly Al or its derivatives could be used as vectors 
for human gene therapy by introducing the mini- 
30 chromosomes into human somatic cell types such as, but 

not exclusively, hepatocytes, keratinocytes, bone-marrow 
cells or blood cells by microcell. fusion, electroporation 
or lipofection. 

3 5 Although the techniques have been applied with respect to 

the human Y chromosome, the skilled person would 
understand that other chromosomes, in particular plant 
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chromosomes, could be subjected to similar analysis 
techniques and form the basis of related vectors. For 
example, it is known from the study of breaks induced in 
chromosomes by X-rays that it is possible to subdivide 
plant centromeres (McClintock, 1932) . Subsequent studies 
have supported this observation (Rhodes, 1938; 
Darlington, 1940) and led to the idea that functional 
entities of centromeres were repeated. This means that 
fragments of the required size and with the required 
centromeric function could be obtained from plant 
chromosomes using similar reaction strategies to those 
described above. 
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Claims 

5 

1. A vector comprising a chromosome fragment which 
fragment comprises sequences which have centromeric 
activity, is capable of replication and segregation 
during cell cycle, and is of such a size that it can be 

10 resolved using gel electrophoresis. 

2. A vector according to claim 1 which is derived from 
the human Y chromosome. 

IS 3. A vector according to claim 2 comprising a linear 

derivative of the human Y chromosome which includes at 
least some alphoid DNA. 

4. A vector according to claim 2 or claim 3 which is 
20 derived solely from the short arm of the human Y 

chromosome . 

5 . A vector according to claims 2 or claim 3 which is 
derived solely from the long arm of the human Y 

25 chromosome. 

6. A vector according to any one of the preceding 
claims which is less than 6Mb in size. 

30 7. A vector according to claim 6 which is less than 3.! 

megabase in size. 

8. A process for obtaining a vector according to any 
one of the preceding claims which process comprises 
35 dissecting a chromosome in such a manner that a fragment 

retaining centromere function is retained. 
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9 A process according to claim 8 which utilises 
telomere directed truncation wherein cloned telomeric DNA 
is used to effect a break in the chromosome. 

5 10. A process according to claim 9 wherein the 

truncation is repeated in order to obtain a fragment of 
the desired size. 

11. A process according to claim 10 wherein the 

10 truncation process is repeated and after each truncation 

step, the ability of the fragments obtained to replicate 
and segregate during cell cycle is confirmed by a mitosis 
experiments and only those which are mitotically stable 
to a reasonable extent selected for further truncation. 

15 

10. A process according to claim 9 wherein the said 
mitosis experiments are carried out using in situ 
hybridisation to chromosomes in whole cells. 

20 XI. A process for obtaining a vector which process 

comprises dissecting a chromosome using a pair of 
vectors each containing telomeric DNA, a marker gene, and 
chromosomal DNA from the centromeric region in opposite 
orientations in the two vectors, introducing the vectors 

25 into cells containing the chromosome, selecting cells 

which have stably integrated vector, and isolating a 
clone containing a chromosome derivative which has lost 
one arm of the chromosome but retained the other arm 
truncated by telomere -directed breakage within the 

30 centromeric array, such clone segregating accurately at 
mitosis and being retained by cells proliferating in the 
absence of selection. 

12. A process according to claim 11 wherein the selected 
35 clone is subjected to a further round of telomere - 

directed breakage to obtain a mini -chromosome fragment 
which is maintained stably by cells proliferating in 
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culture . 

13 . A process according to claim 11 or claim 12 which 
comprises the steps of carrying out a first telomere - 

5 directed truncation of the human Y chromosome, isolating 
stably segregating a fragment which contains only short 
arm and alphoid DNA, carrying out a second telomere- 
directed truncation of the isolated fragment, and 
isolating a shorter stably segregating fragment. 

10 

14. A vector according to any one of claims 1- 7 which 
further comprises a gene encoding a desired polypeptide 
or protein. 

15 15. A cell transformed using a vector according to claim 

14. 

16. A vector according to claim 14 for use in gene 
therapy. 

20 

17. A pharmaceutical composition comprising a vector 
according to claim 16 in combination with a 
pharmaceutically acceptable carrier or diluent. 

25 18. A vector according to claim 14 for use in animal 

transgenesis . 

19. A method for treating a host by administering a gene 
which expresses a polypeptide or protein of therapeutic 

30 use to said host, which method comprises forming a 

vector as described above including a desired gene and 
incorporating the said vector into the host cells. 

20. A vector obtainable by a process according to claim 
35 11. 

21. A vector comprising Al obtainable from cell line 
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having the accession number ECACC 95052342. 

22. A vector comprising A 7 obtainable from cell line 
having the accession number ECACC 95052343. 

5 

23 . A vector comprising A128 obtainable from cell line 
having the accession number ECACC 95052344. 

24. A vector comprising A196 obtainable from cell line 
10 having the accession number ECACC 95052345 

25. A cell line selected from any one of those having 
the accession numbers ECACC95052342, 

\S ECACC 95052343, ECACC 95052344 and ECACC 95052345. 
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Fig.6. 
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